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Detection and Assay of Tipula Iridescent Virus by the Latex Agglutination Test
(Accepted 19 June I973) SUMMARY The use of the latex agglutination test to assay Tipula iridescent virus (TIV) and to detect its presence in infected insects is described. The effects of varying proportions of virus and antibody-sensitized latex, type of plate, shaking, and incubation temperature were investigated, and the optimum conditions for the reaction of antibody-sensitized latex particles with TIV were determined. Precautions which must be taken to prevent and detect non-specific positive results are described. The sensitivity of the latex test is compared with that of the tube precipitation test and an IDs0 determination in Tipula oleracea larvae.
Antibody-sensitized latex particles have been used to detect the presence of viruses in infected plants (Bercks, I967; Abu Salih, Murant & Daft, I968) and to investigate relationships between isolates of barley yellow dwarf virus (Aapola & Rochow, I97I) . Antigensensitized latex particles were used by Bercks & Querfurth (I97I) to investigate serological relationships between viruses, and they have been used to detect several infectious diseases in humans (Gerber, Riley & Jones, I972; Niel et al. I972) .
In this laboratory, antibody-sensitized latex particles have been used both to detect Tipula iridescent virus (TIV) infection in the host insect, Tipula oleracea, and to assay preparations of the virus. A positive reaction is indicated by agglutination of the latex to form visible aggregates.
The TIV isolate and method of its purification were described in Carter 0973)-Antisera against the virus were prepared in rabbits using the method of Cunningham & Tinsley 0968), and polystyrene latex particles, diam. 8xo nm (Difco, Detroit, Michigan, U.S.A.), were coated with the anti-TIV globulins by the method of Abu Salih et al. (I968) . The optimum dilution of globulins for sensitizing the latex was I]6oo.
Some tests were done to determine the optimum conditions for the latex agglutination. The effects of (a) different proportions of sensitized latex and virus, (b) the type of plate on which the reactants are mixed, (c) shaking the plate for variable lengths of time, and (d) different incubation temperatures were investigated.
Drops of TIV dilutions suspended in o-2 M-tris-HC1 buffer, pH 7"2, containing 0.02 polyvinyl pyrrolidone (PVP), and antibody-sensitized latex were mixed in the following proportions: I : 2, 2 : 2 and 2 : I. These mixtures were tested on (a) glass plates painted black on the reverse side, and not shaken (Abu Salih et al. I968); (b) perspex plates, each with 8o wells, and shaken (Bercks & Querfurth, I97I) on a suspension mixer (Luckham Ltd, Victoria Gardens, Burgess Hill, Sussex), which rotated the plates at 25 rev/min in three dimensions to a maximum angle of 5 ° from the horizontal; and (e) similar perspex plates, but not shaken. Readings were taken against an illuminated background every 15 min for 2 h. Doubtful readings were checked under a microscope ( x 15).
Varying the proportions of antigen and antibody-sensitized latex did not affect the endpoint, but did affect the speed of the reaction. In most cases the reaction occurred more quickly with two drops of TIV plus one drop of antibody-sensitized latex. After 2 h the following end-points were observed: I]8oo on the glass plate; i[8oooo on the shaken perspex plate; and T/8ooo on the perspex plate which was not shaken. Some tests were done with dilutions of TIV to discover whether varying the length of time the plates were shaken affected the end-point. It was found that increasing the time of shaking up to 75 min resulted in an increase in end-point.
Many investigators have carried out the latex test at room temperature, but Gerber et al. (I972) found higher titres at 37 °C than at 25 °C, when they titrated sera with antigensensitized latex. Investigations were therefore carried out into the effect of temperature on the agglutination of antibody-sensitized latex by TIV. Tests were carried out with dilutions of TIV on perspex plates, which were not shaken, in incubators at 3, 2o, 27, 37 and 45 °C. Throughout this temperature range it was found that a higher temperature resulted in both a higher end-point and a more rapid agglutination of the latex.
The following procedures were adopted for carrying out latex tests. Vols. of antigen and antibody-sensitized latex were mixed in the ratio a : I in the wells of perspex plates. All tests were duplicated as a check against false positive results. The plates were shaken at room temperature with readings taken after I and 2 h.
Hukuhara & Hashimoto 0966) found that unsensitized latex particles (diam. i26 and 264 nm) agglutinated in the presence of TIV. Agglutination between TIV and unsensitized latex (diam. 8Io nm) was observed using the procedure described above, and so confirms this result. Decimal dilutions of TIV in tris-HC1 + PVP were tested with antibody-sensitized latex, normal serum-sensitized latex and unsensitized latex. There was a slight reaction between the virus and unsensitized latex; the reaction occurred more slowly and resulted in a lower end-point than with sensitized latex (Table I ). All tests with normal serum-sensitized latex were slightly positive after 2 h. It is, therefore, important in all latex tests to include controls of normal serum-sensitized latex, and to record as positive only those tests which show a stronger agglutination of the latex and a greater clearing of the liquid with antibody-sensitized latex than with normal serum-sensitized latex.
The lowest dilution of TIV caused only weak agglutination of the antibody-sensitized latex (Table I) . This was presumably due to saturation of the antibodies with virus particles which were not linked to other antibody molecules. In some tests with more concentrated TIV suspensions no visible agglutination occurred, although there was a reaction between TIV and unsensitized latex, but the presence of virus in such a suspension could easily be detected by the formation of an iridescent pellet after centrifuging at 76oog for 2o rain.
TIV infection in an insect can normally be detected by the development of a blue or violet iridescence in the insect's tissues (Xeros, I954) . If an insect dies without having developed iridescence, for example after injection with a dilution of TIV in an IDs0 determination, it might be useful to know if it was infected with TIV. Centrifuging of its tissues might yield an iridescent pellet, thus indicating infection of the insect. This technique was used by Day & Mercer (I964) to test for Sericesthis iridescent virus infection in Galleria mellonella larvae. For a visible iridescent pellet to be formed, it is necessary that sufficient virus has been produced in the insect. An experiment was done to see whether smaller amounts of TIV in an insect can be detected by the latex test.
Seventyfourth-instar Tipula oleracea larvae were each injected with approx. 4"7 × Io 4
IDs0 TIV in phosphate-buffered saline, pH 7"3 (PBS). On each subsequent day for 7 days ~o larvae were selected randomly and inspected for iridescence in their tissues, then each was killed by freezing to -28 °C in approx. I ml tris-HCI+PVP. Two control larvae, which had been injected with only PBS, were also killed each day. The larvae were stored frozen until they were tested.
Each larva was ground, and the resulting suspension was centrifuged at 6oog for 5 min. The supernatant fluid was centrifuged at 76oog for 2o rain, and the resulting pellet was inspected for iridescence. The pellet was then resuspended in o. 5 ml tris-HCI+PVP, and a latex test was performed on the suspension. In addition to tests on the extracts from the control larvae, the following contlols were also included: (i) TIV plus normal serumsensitized latex; (ii) TIV plus antibody-sensitized latex; (iii) tris-HCl + PVP plus normal serum-sensitized latex; (iv) tris-HCl + PVP plus antibody-sensitized latex; and (v) the test material plus normal serum-sensitized latex.
The results (Fig. I) show that for the detection of TIV infection in a non-iridescent insect the latex test is a more sensitive technique than inspection for an iridescent pellet after centrifuging. The results also indicate high variability between insects in the rate of virus replication in their tissues.
Some latex tests on extracts of healthy Tipula oleracea larvae, which had not been purified by centrifuging, gave false-positive results, but false-positives did not normally occur with purified extracts. False-positive results were usually characterized by the location of the aggregates in the centre of the well, whereas in specific positive reactions the aggregates were usually distributed evenly. Aapola & Rochow (x 97x) reported that non-specific positive results in their tests were characterized by a similar appearance of the aggregates.
The latex test can be used to assay a TIV preparation. A comparison was made of the end-points obtained when a TIV suspension was assayed by the latex test, by the tube precipitation test, and by an IDs0 determination in Tipula oleracea larvae. Infection in the insects was detected by the methods described above.
For the tube precipitation test doubling dilutions of TIV in o'85 ~ NaC1 were mixed with equal vols. of anti-TIV serum diluted I/I28 with 0"85 ~ NaC1 in glass tubes in a water-bath at 5o °C. The test was read after 5 h, and again after standing overnight at room temperature.
The IDs0 of the TIV suspension was estimated by injecting decimal dilutions into groups of fourth-instar Tipula oleracea larvae, and then a more accurate IDso determination was carried out by injecting a suitable series of twofold dilutions into larvae. The injection technique was described in Carter 0973). The virus was suspended in PBS, and each larva was injected with a dose of o'oo5 ml. Each dilution was injected into 20 larvae.
A comparison of the end-points (Table 2) shows that the latex test is approximately 6o times more sensitive than the tube precipitation test, while the detection of infective virus by injection into larvae is at least 23. 5 times more sensitive than the latex test.
McLaughlin, Scott & Bell (i972) used a tube precipitation test to detect Chilo iridescent virus infection in insects. The present results indicate that the low sensitivity of this test would result in the virus not being detected in insects containing small quantities of virus which might have been detected by the latex test.
Abu Salih et al. 0968) described the latex test as being 8 to 40 times less sensitive than the passive haemagglutination test. Bercks & Querfurth (I 969 ) and the present author, however, found their respective latex techniques to be 20 and IOO times more sensitive than that of Abu Salih et al. (I968) , which suggests that the latex test can be as sensitive as the passive 
